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1
SEMICONDUCTOR DEVICE

BACKGROUND

1. Technical Field

The present disclosure relates to a semiconductor device
used for power conversion 1n an mverter device or the like.

2. Description of the Related Art

In recent years, there 1s used an inverter circuit which 1s
based on semiconductor modules in which an IGBT (Insu-
lated Gate Bipolar Transistor) element and the like are
incorporated, for driving an electric motor of an electric car,
a hybrid car or the like. However, since these semiconductor
modules are operated with a large current, a great amount of
heat 1s generated. Accordingly, there may be caused a
problem that a capacitor, a control circuit and the like
installed 1n the vicimity are placed at a high temperature,
resulting 1n malfunction.

Unexamined Japanese Patent Publication No. 2010-
252461 discloses a power conversion device according to
which a cooler 1s disposed between a semiconductor module
and a capacitor, and a capacitor terminal connecting the
capacitor and a semiconductor element 1s thermally 1n
contact with the cooler so as to cool the capacitor terminal.
Heat transfer from the semiconductor module to the capaci-
tor 1s thereby suppressed, and an increase 1n the temperature
of the capacitor 1s reduced.

Furthermore, Unexamined Japanese Patent Publication
No. 2005-73374 discloses a power conversion device which
places a semiconductor module between refrigerant tubes
and cools the semiconductor module so as to reduce harmiul
ellect and the like of heat on other devices.

SUMMARY

A first semiconductor device according to the present
disclosure includes a semiconductor module including a
semiconductor element, a passive element, a cooling mem-
ber, a first conductive member and a second conductive
member. The cooling member 1s disposed between the
semiconductor module and the passive element. The first
conductive member and the second conductive member
clectrically connect the semiconductor module and the pas-
sive element. Furthermore, two or more aspects of at least
one of the first conductive member and the second conduc-
tive member face the cooling member.

According to the configuration, compared to a case where
only one aspect of a conductive member faces a cooling
member, heat dissipation from the conductive member,
which 1s electrically connecting the semiconductor module
and the passive element, to the cooling member 1s promoted.
And heat transferred from the semiconductor module to the
passive element through the conductive member may be
suppressed. Accordingly, an increase 1n the temperature of
the passive element due to heat from the semiconductor
module may be suppressed.

Furthermore, a second semiconductor device according to
the present disclosure includes a semiconductor module
including a semiconductor element, a passive element, a
cooling member, a first conductive member and a second
conductive member. The cooling member 1s disposed
between the semiconductor module and the passive element.
The first conductive member and the second conductive
member electrically connect the semiconductor module and
the passive element. The cooling member and the semicon-
ductor module are disposed between the first conductive
member and the second conductive member.
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According to the configuration, the conductive members
connecting the semiconductor module and the passive ele-
ment are cooled by the cooling member disposed between
the two conductive members. Therelore, an increase 1n the
temperature of the passive element due to the heat from the
semiconductor module 1s suppressed. Also, since the two
conductive members connect the semiconductor module and
the passive element from both sides of the cooling member,
the conductive members do not need to make a detour
through the cooling member and the passive eclement.
Accordingly, the lengths of the conductive members may be
made short. An increase in inductance may thereby be
suppressed.

Moreover, a third semiconductor device according to the
present disclosure includes a first semiconductor module
including a first semiconductor element, a second semicon-
ductor module including a second semiconductor element,
and a cooling member where the first semiconductor module
and the second semiconductor module are installed. The first
semiconductor module and the second semiconductor mod-
ule are installed on a side surface of the cooling member.
The first semiconductor module includes a first power
terminal and a second power terminal that are electrically

connected to the first semiconductor element and that pro-
trude from the first semiconductor module. And the second
semiconductor module includes a third power terminal and
a Tfourth power terminal that are electrically connected to the
second semiconductor element and that protrude from the
second semiconductor module. The second power terminal
of the first semiconductor module 1s connected to the third
power terminal of the second semiconductor module. The
third power terminal of the second semiconductor module
protrudes from the second semiconductor module, at a
position facing the side surface of the cooling member.

According to the configuration, cooling may be per-
formed also by the power terminals protruding from the
semiconductor module, at a position facing the side surface
of the cooling member. Therefore, a plurality of semicon-
ductor modules connected to each other may be sufliciently
cooled. In addition, since the semiconductor modules may
be electrically connected over a short distance, an increase
in inductance may be suppressed.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

FIG. 1A 1s a schematic perspective view of a semicon-
ductor device according to a first exemplary embodiment;

FIG. 1B 1s a schematic side view of the semiconductor
device according to the first exemplary embodiment;

FIG. 1C 1s a schematic perspective view of a first bus bar
of the semiconductor device according to the first exemplary
embodiment;

FIG. 1D 1s a schematic perspective view of a second bus
bar of the semiconductor device according to the first
exemplary embodiment;

FIG. 2A 1s a schematic cross-sectional view of the semi-
conductor device according to the first exemplary embodi-
ment, along a line ITA-ITIA 1 FIG. 1B;

FIG. 2B 1s a schematic cross-sectional view of the semi-
conductor device according to the first exemplary embodi-
ment, along a line IIB-1IB 1n FIG. 2A;

FIG. 3 1s a diagram showing a circuit of the semiconduc-
tor device according to the first exemplary embodiment;

FIG. 4 1s a schematic cross-sectional view of the semi-
conductor device according to the first exemplary embodi-
ment where arrangement of bus bars 1s changed, the sche-
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matic  cross-sectional view showing a
corresponding to the line IIB-1IB 1n FIG. 2A;

FIG. 5A 1s a schematic cross-sectional view ol a semi-
conductor device according to a second exemplary embodi-
ment, at a position corresponding to the line IIA-IIA 1n FIG.
1B;

FIG. 5B 1s a schematic cross-sectional view of the semi-
conductor device according to the second exemplary

embodiment, along a line VB-VB 1n FIG. 5A;

FIG. 6A 15 a schematic cross-sectional view ol a semi-
conductor device according to a third exemplary embodi-
ment, at a position corresponding to the line IIA-IIA 1n FIG.
1B;

FIG. 6B 1s a schematic cross-sectional view of the semi-

conductor device according to the third exemplary embodi-
ment, along a line VIB-VIB 1n FIG. 6A;
FIG. 7A 1s a schematic cross-sectional view of a semi-

conductor device according to a fourth exemplary embodi-

ment, at a position corresponding to the line IIA-IIA 1n FIG.
1B;

FIG. 7B 1s a schematic cross-sectional view of the semi-
conductor device according to the fourth exemplary embodi-
ment, along a line VIIB-VIIB 1 FIG. 7A;

FIG. 8A 1s a schematic cross-sectional view of a semi-
conductor device according to a fifth exemplary embodi-
ment, at a position corresponding to the line IIA-IIA 1n FIG.
1B;

FIG. 8B 1s a schematic cross-sectional view of the semi-
conductor device according to the fifth exemplary embodi-
ment, along a line VIIIB-VIIIB 1n FIG. 8A;

FIG. 9A 1s a schematic cross-sectional view of a semi-
conductor device according to a sixth exemplary embodi-
ment, at a position corresponding to the line ITA-IIA 1n FIG.
1B;

FIG. 9B 1s a schematic cross-sectional view of the semi-
conductor device according to the sixth exemplary embodi-
ment, along a line IXB-IXB 1 FIG. 9A;

FIG. 10 1s a schematic cross-sectional view of a semi-
conductor device according to a seventh exemplary embodi-
ment, at a position corresponding to the line IIA-IIA 1n FIG.
1B;

FIG. 11A 1s a schematic cross-sectional view of a semi-
conductor device according to an eighth exemplary embodi-
ment, at a position corresponding to the line ITA-IIA 1n FIG.
1B;

FIG. 11B 1s a schematic cross-sectional view of the

semiconductor device according to the eighth exemplary
embodiment, along a line XIB-XIB 1 FIG. 11A;

FIG. 12A 1s a schematic cross-sectional view of a semi-
conductor device according to a ninth exemplary embodi-
ment, at a position corresponding to the line ITA-IIA 1n FIG.
1B;

FIG. 12B 1s a schematic cross-sectional view of the
semiconductor device according to the ninth exemplary
embodiment, along a line XIIB-XIIB i FIG. 12A;

FIG. 13A 1s a schematic cross-sectional view of a semi-
conductor device according to a tenth exemplary embodi-
ment, at a position corresponding to the line ITA-IIA 1n FIG.
1B;

FIG. 13B 1s a schematic cross-sectional view of the
semiconductor device according to the tenth exemplary
embodiment, along a line XIIIB-XIIIB i FIG. 13A;

FIG. 14 A 1s a schematic view of a capacitor according to
a first variation;

FIG. 14B 1s an explanatory structural view of the capaci-
tor according to the first variation;
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FIG. 15A 1s a schematic cross-sectional view of a semi-
conductor device according to a second vanation, at a

position corresponding to the line IIA-IIA 1n FIG. 1B;

FIG. 15B i1s a schematic locally-enlarged view of semi-
conductor elements of the semiconductor device according
to the second variation and their surroundings;

FIG. 16 A 1s a schematic perspective view of a semicon-
ductor device according to an eleventh exemplary embodi-
ment, seen from above;:

FIG. 16B 1s a schematic perspective view of the semi-
conductor device according to the eleventh exemplary
embodiment, seen from below;

FIG. 17 1s a schematic perspective view ol a semicon-
ductor module according to the eleventh exemplary embodi-
ment,

FIG. 18 i1s a schematic view describing connection
between semiconductor modules according to the eleventh
exemplary embodiment;

FIG. 19 1s a diagram showing a circuit of the semicon-
ductor device according to the eleventh exemplary embodi-
ment,

FIG. 20 1s a schematic view describing connection
between semiconductor modules according to a twelith
exemplary embodiment;

FIG. 21A 1s a schematic side view of a semiconductor
device according to a thirteenth exemplary embodiment;

FIG. 21B 1s a schematic bottom view of the semiconduc-
tor device according to the thirteenth exemplary embodi-
ment,

FIG. 22A 1s a schematic side view of a semiconductor
device according to a fourteenth exemplary embodiment;

FIG. 22B 1s a schematic bottom view of the semiconduc-
tor device according to the fourteenth exemplary embodi-
ment:; and

FIG. 23 1s a schematic side view of a semiconductor
device according to a fifteenth exemplary embodiment.

DESCRIPTION OF EMBODIMENTS

First, problems of conventional techniques will be
described.

According to the power conversion device disclosed 1n
Unexamined Japanese Patent Publication No. 2010-252461,
one of two capacitor terminals 1s solely disposed between a
semiconductor module and a capacitor, and the other capaci-
tor terminal 1s not sufliciently cooled. Also, 1n order to
increase a thermal contact area between the capacitor ter-
minal and the cooler, the capacitor terminal 1s extended
between the semiconductor module and the capacitor. As a
result, there 1s a new problem that the length of the capacitor
terminal 1s increased, and consequently the inductance i1s
increased.

On the other hand, according to the power conversion
device disclosed 1n Unexamined Japanese Patent Publica-
tion No. 2005-73374, a terminal of the semiconductor
module protruding from between the refrigerant tubes 1s
connected at a power wiring portion disposed on the termi-
nal, and thus heat dissipation from the terminal to the
refrigerant tubes 1s not enough. Also, the wiring length 1s
increased, causing the inductance to increase.

The present disclosure provides a semiconductor device
that suppresses an increase in the temperature of other
clectronic devices, such as a capacitor, caused by generation
of heat by a semiconductor module. There 1s also provided
a semiconductor device that suppresses an increase in the
inductance caused by the length of a conductive member
between semiconductor modules. The semiconductor device
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of the present disclosure may be suitably used for power
conversion by an inverter circuit or the like.

Hereinafter, each exemplary embodiment will be
described with reference to the drawings.
First Exemplary Embodiment

A configuration of a semiconductor device according to a

first exemplary embodiment will be described with reference
to FIGS. 1A to 4.

FIG. 1A 1s a schematic perspective view of the semicon-

ductor device according to the first exemplary embodiment,
and FIG. 1B 1s a schematic side view of the semiconductor
device according to the first exemplary embodiment. To
tacilitate description, package 6 1s shown 1n a manner
allowing the structure inside to be seen. Also, coordinate
axes are indicated 1 each drawing. Here, the direction from
the bottom to the top of the drawing 1n FIG. 1A 1s given as
a Z-direction, a longitudinal direction, of the semiconductor
device, which 1s perpendicular to the Z-direction 1s given as
a Y-direction, and the width direction 1s given as an X-di-
rection. FIG. 1C 1s a schematic perspective view of a first
bus bar of the semiconductor device according to the first
exemplary embodiment, and FIG. 1D 1s a schematic per-
spective view of a second bus bar of the semiconductor
device according to the first exemplary embodiment. FIG.
2 A 15 a schematic cross-sectional view of the semiconductor
device according to the first exemplary embodiment, along
a line ITIA-IIA 1in FIG. 1B, and FIG. 2B i1s a schematic
cross-sectional view of the semiconductor device according
to the first exemplary embodiment, along a line I1IB-IIB in
FIG. 2A. In FIG. 2B, to facilitate description, positions of
semiconductor modules 1 and semiconductor elements 16aq,
165 are shown by dotted lines. FIG. 3 15 a diagram showing
a circuit of the semiconductor device according to the first
exemplary embodiment. FIG. 4 1s a schematic cross-sec-
tional view of the semiconductor device according to the
first exemplary embodiment where arrangement of bus bars
1s changed, the schematic cross-sectional view showing a
position corresponding to the line IIB-1IB i FIG. 2A

As shown 1n FIGS. 1A and 1B, the semiconductor device
of the present exemplary embodiment has three semicon-
ductor modules 1 and three capacitors 4 for temporarily
storing power from a battery disposed next to one another 1n
the Y-direction. Cooling member 2 1s disposed between
semiconductor modules 1 and capacitors 4, and cooling
member 2 includes channel 3 mside. Semiconductor module
1 includes semiconductor elements 16a, 165 (not shown)
inside, and since heat 1s generated at the time of driving of
a motor and the like, harmiul effect 1s imposed on peripheral
clectronic components by the heat. Accordingly, with the
semiconductor device of the present exemplary embodi-
ment, cooling member 2 1s provided between semiconductor
modules 1 and capacitors 4 so that heat from semiconductor
modules 1 1s absorbed by cooling member 2, and capacitors
4 are prevented from being at a high temperature. Addition-
ally, semiconductor modules 1, capacitors 4, and cooling
member 2 are covered by package 6. Package 6 1s formed
from a sealing resin for sealing semiconductor modules 1,
capacitors 4, cooling member 2 and the like, and a case
enclosing the sealing resin. As the sealing resin, an epoxy
resin, a silicone resin or the like 1s used, and as the case, one
that 1s obtained by molding a polyphenylenesulfide (PPS)
resin or a polybutyleneterephthalate (PBT) resin 1s used.
Additionally, package 6 may be configured by using only the
sealing resin and without using the case, or package 6 may
be configured with the case formed of a metal material such
as aluminum (Al).
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Semiconductor module 1 constitutes an inverter circuit for
driving a motor, shown 1n FIG. 3, and includes semicon-
ductor elements 164, 165 configured from a transistor, such
as an IGBT element, and a diode. A connection with a wiring
to the motor 1s disposed between semiconductor element
16a and semiconductor element 165. Semiconductor ele-
ment 165 1s connected on a negative electrode side of the
connection, and semiconductor element 164 1s connected on
a positive electrode side of the connection. The negative
clectrode side 1s referred to as a low side, and the positive
clectrode side 1s referred to as a high side. High-side
semiconductor element 16a and low-side semiconductor
clement 165 are paired up. When the motor 1s driven, power
1s supplied from high-side semiconductor element 164, and
thus a greater amount of heat 1s generated by high-side
semiconductor element 16a compared with low-side semi-
conductor element 16b. Therefore, the temperature of high-
side semiconductor element 16a becomes higher. As shown
in FIG. 1A, three power terminals, namely, power terminal
(P terminal) 21a to be connected to high-side semiconductor
clement 16a, power terminal (N terminal) 215 to be con-
nected to low-side semiconductor element 165, and power
terminal 21¢ to be connected to the motor, extend from each
semiconductor module 1.

As shown 1n FIGS. 1A and 2A, semiconductor module 1
and capacitor 4 are electrically connected by first bus bar 5a
and second bus bar 56 formed by strip-shaped conductive
members. First bus bar 5a 1s connected to P terminal 21a
connected to high-side semiconductor element 16a. And
second bus bar 55 1s connected to N terminal 215 connected
to low-side semiconductor element 165. Also, capacitor 4
includes electrodes on an upper surface and a lower surface,
respectively. The electrode on the upper surface of capacitor
4 1s connected to first bus bar 5a, and the electrode on the
lower surface of capacitor 4 1s connected to second bus bar
5b6. Here, first bus bar 5S4 and second bus bar 54 are
collectively referred to as bus bars.

Moreover, first bus bar Sa and second bus bar 54 extend
through through hole 2a of cooling member 2, and connect
capacitor 4 and semiconductor module 1. That 1s, inside
through hole 2a, first bus bar 3a and second bus bar 556 are
surrounded by cooling member 2, and first bus bar Sa and
second bus bar 56 face cooling member 2 on all of four side
aspects. The amount of heat dissipation from the bas bars to
cooling member 2 may thus be increased.

As shown 1 FIGS. 1A and 2A, first bus bar 3a 1s disposed
between cooling member 2 and capacitor 4, and 1s bent at a
right angle near an edge of the upper surface of capacitor 4.
First bus bar 5a extends upward to pass through through hole
2a of cooling member 2, and 1s then connected to P terminal
21a of semiconductor module 1. Also, as shown 1n FIG. 1C,
first bus bar 5q has a part with a width of W1, and a part with
a width of W2, which 1s greater than W1. As shown in FIG.
1B, first bus bar 5a has the width of W1 at a part connected
to P terminal 21a of semiconductor module 1 and inside
through hole 2a of cooling member 2. And first bus bar 5a
has the width of W2, which 1s greater than W1, between
cooling member 2 and capacitor 4. Accordingly, an area of
first bus bar 3Sa facing cooling member 2 1s increased, and
the amount of heat dissipation from {first bus bar 3a to
cooling member 2 may be increased.

Furthermore, as shown in FIGS. 1A and 2A, second bus
bar 36 1s bent at a right angle near an edge of the lower
surface of capacitor 4. Second bus bar 35 extends upward to
pass through through hole 2a of cooling member 2, and 1s
then connected to N terminal 215 of semiconductor module
1. Also, as shown 1n FIG. 1D, second bus bar 56 has a part
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with a width of W3, and a part with a width of W4, which
1s greater than W3. As shown 1n FIG. 1B, second bus bar 556
has the width of W3 at a part connected to N terminal 215
ol semiconductor module 1 and inside through hole 2a of
cooling member 2. And second bus bar 556 has the width of
W4, which 1s greater than W3, from a bent portion near the
lower surface of capacitor 4 to through hole 2a of cooling
member 2. That 1s, second bus bar 56 has a third width (W3)
and a fourth width (W4), which 1s greater than the third
width (W3) between semiconductor module 1 and capacitor
4. Accordingly, a heat dissipation area is increased at a part,
of second bus bar 54, with a wide width, and the amount of
heat dissipation from second bus bar 55 to package 6 and the
like may be increased.

Here, first bus bar 5a according to the present exemplary
embodiment 1s an example of a “first conductive member”
of the present application, and second bus bar 55 1s an
example of a “second conductive member” of the present
application. Also, W1 according to the present exemplary
embodiment 1s an example of a “first width” of the present
application, and W2 1s an example of a “second width” of
the present application.

Next, an internal structure of the semiconductor device of
the present exemplary embodiment will be described in
detail with reference to FIGS. 2A and 2B. As shown in FIGS.
2A and 2B, semiconductor module 1 includes inside high-
side semiconductor element 16a and low-side semiconduc-
tor element 165. P terminal 21a and N terminal 215 for
power, extending from semiconductor module 1, are con-
nected to first bus bar 5a and second bus bar 55, respectively.

First bus bar 3a 1s disposed between capacitor 4 and
cooling member 2, and 1s connected to the electrode on the
upper surface of capacitor 4. Also, first bus bar 5a 1s bent at
a right angle at a position separate from the electrode on the
upper surface of capacitor 4. And first bus bar 3a passes
through through hole 2a of cooling member 2, and 1s
connected to P terminal 21a extending from semiconductor
module 1. Also, second bus bar 546 i1s connected to the
clectrode on the lower surface of capacitor 4, and 1s bent at
a right angle at a position separate from the electrode on the
lower surface of capacitor 4. And second bus bar 56 passes
through through hole 2a of cooling member 2, and 1s
connected to N terminal 215 extending from semiconductor
module 1.

Moreover, channel 3 allowing a cooling medium, such as
water, ethylene glycol or a refrigerant gas, to flow 1s formed
to cooling member 2. Channel 3 1s curved inside cooling
member 2, and includes flow 1nlet 3a and flow outlet 34 on
a same side surface of cooling member 2. Here, semicon-
ductor module 1 1s disposed on an upper surface of cooling
member 2 so as to be positioned above channel 3. The
amount of heat dissipation from semiconductor module 1 to
channel 3 may thereby be increased. Also, high-side semi-
conductor element 16a 1s disposed above channel 3, on a
side nearer to tlow inlet 3a. A cooling medium flowing
through channel 3 absorbs heat and has its temperature
increased while tlowing from flow inlet 3a to flow outlet 35.
Accordingly, a cooling medium nearer to flow inlet 3a has
a lower temperature, and may absorb a greater amount of
heat. As described above, since high-side semiconductor
clement 16a generates more heat, an increase 1n the tem-
perature of semiconductor module 1 may be suppressed by
disposing high-side semiconductor element 16a above chan-
nel 3, on the side nearer to flow inlet 3a.

As described above, first bus bar 54 and second bus bar
5b pass through through hole 2a of cooling member 2, and
connect semiconductor module 1 and capacitor 4. With the
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bus bars configured to pass near cooling member 2, heat
dissipation from the bus bars to cooling member 2 may be
promoted, and heat transferred from semiconductor module
1 to capacitor 4 may be reduced by the bus bars.

As shown 1n FIG. 2B, cross sections of first bus bar 5a and
second bus bar 55 each have a rectangular shape, and have
a lirst side surface corresponding to a long side of the
rectangle and a second side surface corresponding to a short
side of the rectangle. Since the first side surfaces have larger
areas, lirst bus bar 5a and second bus bar 36 are disposed
with the first side surfaces facing the part, of cooling
member 2, where channel 3 1s provided. Accordingly, com-
pared to a case where the second side surfaces with smaller
areas face the part, of cooling member 2, where channel 3 1s
provided, the amount of heat dissipation from first bus bar
5a and second bus bar 35 to cooling member 2 1s 1increased.
Here, first bus bar 5a and second bus bar 56 are disposed
next to each other, along a direction parallel to a direction of
channel 3. When disposed in this manner, first bus bar 5a
and second bus bar 55 may face the part, of cooling member
2, where channel 3 1s provided, with nothing between the
bus bars and cooling member 2, and thus a greater amount
ol heat may be dissipated to cooling member 2.

On the other hand, as shown 1n FIG. 4, first bus bar 5a and
second bus bar 56 may be disposed with the first side
surfaces overlapping each other. When disposed in this
manner, the cooling effect may be reduced but an increase in
inductance may be suppressed compared to the case where
first bus bar Sa and second bus bar 556 are disposed next to
cach other, along the direction parallel to the direction of
channel 3. Mutual inductance of adjacent current paths 1s
given by Lenz’s law, and inductance 1s cancelled by first bus
bar Sa and second bus bar 556 whose currents are 1n opposite
directions. In the present exemplary embodiment, since the
first side surfaces, which are the larger side surfaces, of first
bus bar 5a and second bus bar 56 face each other, greater
inductance 1s cancelled. Thus, an increase 1n the inductance
of the entire semiconductor device may be suppressed.

As described above, by causing first bus bar 3a and
second bus bar 55 to pass through through hole 2a of cooling,
member 2, transier of heat from semiconductor module 1 to
capacitor 4 may be suppressed. Thus, an increase in the
temperature of capacitor 4 may be suppressed. In addition,
by providing a wide part to first bus bar 5a, which 1s
connected to high-side semiconductor element 16a gener-
ating a great amount of heat, and disposing the wide part
between cooling member 2 and capacitor 4, the amount of
heat dissipation to cooling member 2 may be increased.
Also, by providing a wide part to second bus bar 56 not
disposed between cooling member 2 and capacitor 4, the
amount ol heat dissipation from second bus bar 36 to
package 6 and the like may be increased because a heat
dissipation area may be increased. Accordingly, an increase
in the temperature of capacitor 4 may be further suppressed.

Additionally, a film capacitor with a high insulation
property may be used as capacitor 4 of the present exem-
plary embodiment. A film capacitor has a structure where
metal foils as a cathode and an anode are formed and wound
around a plastic film or the like.

Here, capacitor 4 according to the present exemplary
embodiment 1s an example of a “passive element” of the
present application. Additionally, other than capacitor 4, the
“passive eclement” of the present application includes a
reactor and the like.

As described above, the semiconductor device according
to the present exemplary embodiment may increase the
amount of heat dissipation from first bus bar 3a and second
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bus bar 56 by causing first bus bar 5a and second bus bar 556

to pass through through hole 2a of cooling member 2,
disposing first bus bar Sa between cooling member 2 and
capacitor 4, and providing a wide part to second bus bar 55.
Accordingly, transier of heat from semiconductor module 1 5
to capacitor 4 may be suppressed, and an increase 1n the
temperature of capacitor 4 due to heat generation by semi-
conductor module 1 may be suppressed.

Second Exemplary Embodiment

A configuration of a semiconductor device according to a 10
second exemplary embodiment will be described with ret-
erence to FIGS. 5A and 5B. FIG. 5A 1s a schematic cross-
sectional view of the semiconductor device according to the
second exemplary embodiment, at a position corresponding
to the line ITA-IIA 1n FIG. 1B, and FIG. 5B 1s a schematic 15
cross-sectional view of the semiconductor device according
to the second exemplary embodiment, along a line VB-VB
in FIG. SA. As shown in FIGS. 5A and 5B, according to the
semiconductor device of the second exemplary embodiment,
first bus bars 5a and second bus bars 56 extend through 20
cut-out portions 2b provided to cooling member 2. Other
configurations are the same as those 1n the first exemplary
embodiment.

According to the present exemplary embodiment, first bus
bar 5a and second bus bar 35 face cooling member 2 at three 25
side aspects other than an opening direction of cut-out
portion 2b. Accordingly, the amount of heat dissipation from
the bus bars may be increased. Also, compared to a case
where through holes 2q are formed to cooling member 2, the
width of cooling member 2 may be reduced, and the 30
semiconductor device may be miniaturized.

Third Exemplary Embodiment

A configuration of a semiconductor device according to a
third exemplary embodiment will be described with refer-
ence to FIGS. 6A and 6B. FIG. 6A 1s a schematic cross- 35
sectional view of the semiconductor device according to the
third exemplary embodiment, at a position corresponding to
the line IIA-IIA 1in FIG. 1B, and FIG. 6B 1s a schematic
cross-sectional view of the semiconductor device according
to the third exemplary embodiment, along a line VIB-VIB in 40
FIG. 6A. As shown 1n FIGS. 6A and 6B, according to the
semiconductor device of the third exemplary embodiment,
through holes 2a are not formed to cooling member 2, and
first bus bars Sa and second bus bars 56 do not pass through
through holes 2a of cooling member 2. Moreover, another 45
cooling member 2 1s provided adjacent to first bus bars 5a
and second bus bars 554, and first bus bars 54 and second bus
bars 5b are disposed such that first bus bars 5a¢ and second
bus bars 55 are iterposed between two cooling members 2.
Other configurations are the same as those in the first 50
exemplary embodiment.

According to the present exemplary embodiment, first bus
bars 5a and second bus bars 5b face both of two cooling
members 2 disposed on both sides, at the first side surfaces
with large areas. That 1s, first bus bars 5a and second bus 55
bars 556 each face cooling members 2 at two side surfaces.
Accordingly, the amount of heat dissipation from the bus
bars to cooling members 2 may be increased, as 1n a case
where the bus bars are disposed inside through holes 2a of
cooling member 2. Moreover, cooling members 2 on both 60
sides of the bus bars include channel 3 for allowing a cooling
medium to flow. Accordingly, cooling members 2 on both
sides of the bus bars may be maintained at a low tempera-
ture, and the amount of heat dissipation from the bus bars to
cooling member 2 may be increased. An increase 1n the 65
temperature of capacitor 4 may thereby be suppressed.
Fourth Exemplary Embodiment

10

A configuration of a semiconductor device according to a
fourth exemplary embodiment will be described with refer-
ence to FIGS. 7A and 7B. FIG. 7A 1s a schematic cross-
sectional view of the semiconductor device according to the
fourth exemplary embodiment, at a position corresponding
to the line ITA-IIA 1n FIG. 1B, and FIG. 7B 1s a schematic
cross-sectional view of the semiconductor device according
to the fourth exemplary embodiment, along a line VIIB-
VIIB 1n FIG. 7A. As shown 1n FIGS. 7A and 7B, according
to the semiconductor device of the fourth exemplary
embodiment, channels 3 1nside cooling member 2 are not
curved inside cooling member 2, and include flow 1nlets 3a
at one side surface of cooling member 2, and tlow outlets 35
at an opposite side surface. That 1s, a cooling medium tlows
in one direction through the 1mside of cooling member 2, and
does not return to the side surface where tlow inlets 3a are
present. Also, one each of channels 3 1s provided below
high-side semiconductor element 16a inside semiconductor
module 1, and another each of channels 3 1s provided below
low-side semiconductor element 165 1nside semiconductor
module 1. Other configurations are the same as those 1n the
first exemplary embodiment.

According to the present exemplary embodiment, since a
plurality of channels 3 are formed to cooling member 2, the
cooling capacity 1s high. Thus, the amount of heat dissipa-
tfion from semiconductor modules 1, the bus bars, and
capacitors 4 may be increased. Moreover, since channel 3 1s
provided below each of high-side semiconductor elements
16a and low-side semiconductor elements 165 inside semi-
conductor modules 1, the temperature of a cooling medium
flowing below low-side semiconductor element 166 may be
reduced. Consequently, the amount of heat dissipation from
semiconductor modules 1 may be increased.

Fifth Exemplary Embodiment

A configuration of a semiconductor device according to a
fifth exemplary embodiment will be described with refer-
ence to FIGS. 8A and 8B. FIG. 8A 1s a schematic cross-
sectional view of the semiconductor device according to the
fifth exemplary embodiment, at a position corresponding to
the line ITA-IIA 1in FIG. 1B, and FIG. 8B 1s a schematic
cross-sectional view of the semiconductor device according
to the fifth exemplary embodiment, along a line VIIIB-VIIIB
in FIG. 8A. As shown 1n FIGS. 8 A and 8B, according to the
semiconductor device of the fifth exemplary embodiment,
fins 7 for increasing a heat dissipation area are provided
inside channel 3 of cooling member 2. Fins 7 are provided
below semiconductor modules 1. Other configurations are
the same as those 1n the first exemplary embodiment.

According to the present exemplary embodiment, the
amount of heat dissipation from cooling member 2 to a
cooling medium 1s increased by fins 7. Furthermore, because
fins 7 are provided below semiconductor modules 1, heat
dissipation particularly from semiconductor modules 1 may
be promoted.

Sixth Exemplary Embodiment

A configuration of a semiconductor device according to a
sixth exemplary embodiment will be described with refer-
ence to FIGS. 9A and 9B. FIG. 9A 1s a schematic cross-
sectional view of the semiconductor device according to the
sixth exemplary embodiment, at a position corresponding to
the line ITA-IIA 1in FIG. 1B, and FIG. 9B 1s a schematic
cross-sectional view of the semiconductor device according
to the sixth exemplary embodiment, along a line IXB-1XB
in FIG. 9A. As shown 1n FIGS. 9A and 9B, according to the
semiconductor device of the sixth exemplary embodiment,
fins 7 are provided inside channel 3 of cooling member 2,
near a curved portion of channel 3, so as to control a
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direction of flow of a cooling medium so that the flow of a
cooling medium 1s directed toward a center side of the curve.
Other configurations are the same as those in the first
exemplary embodiment.

When a cooling medium flows through the curved portion
inside channel 3 of cooling member 2, the water pressure 1s
reduced on the 1nside of the curve by a centrifugal force, and
bubbles are generated. When bubbles are generated, transier
of heat from cooling member 2 to the cooling medium 1s
suppressed, and thus the heat dissipation effect 1s reduced.

According to the present exemplary embodiment, because
the tlow of the cooling medium may be directed toward the
center side of the curve by fins 7, bubbles may be suppressed
at the time of the cooling medium flowing through the
curved portion. Accordingly, reduction 1n the amount of heat
dissipation from cooling member 2 to the cooling medium
may be suppressed.

Seventh Exemplary Embodiment

A configuration of a semiconductor device according to a
seventh exemplary embodiment will be described with ret-
erence to FIG. 10. FIG. 10 1s a schematic cross-sectional
view of the semiconductor device according to the seventh
exemplary embodiment, at a position corresponding to the
line ITA-IIA 1 FIG. 1B. As shown 1n FIG. 10, according to
the semiconductor device of the seventh exemplary embodi-
ment, two channels 3 (not shown) are provided inside
cooling member 2, and flow inlet 3a and flow outlet 35 of
cach channel are disposed next to each other 1n the Z-di-
rection. That 1s, according to the semiconductor device of
the seventh exemplary embodiment, unlike 1n the first exem-
plary embodiment, channels 3 provided to cooling member
2 are curved 1 a vertical direction (on a Y-Z plane). A
cooling medium flows from flow inlet 3a provided on a side
surface ol cooling member 2 nto channel 3 on the upper
surface (the surface where semiconductor module 1 1s
disposed) side of cooling member 2. And the cooling
medium enters channel 3 on a lower surface side of cooling,
member 2 at the curved portion of channel 3, and then
returns to tlow outlet 35 provided on the same side surface
of cooling member 2. Also, channel 3 1s provided below
cach of high-side semiconductor element 16a and low-side
semiconductor element 165 1nside semiconductor module 1.
Other configurations are the same as those in the first
exemplary embodiment.

According to the present exemplary embodiment, because
a plurality of channels 3 are formed to cooling member 2, the
cooling capacity 1s high. Thus, the amount of heat dissipa-
tion from semiconductor modules 1, the bus bars, and
capacitors 4 may be increased. Also, since channels 3 near
flow 1nlets 3a are disposed on a side closer to the surface
where semiconductor modules 1 are disposed, the amount of
heat dissipation from semiconductor modules 1 may be
increased.

Eighth Exemplary Embodiment

A configuration of a semiconductor device according to
an eighth exemplary embodiment will be described with
reference to FIGS. 11A and 11B. FIG. 11A 1s a schematic
cross-sectional view of the semiconductor device according
to the eighth exemplary embodiment, at a position corre-
sponding to the line ITA-IIA 1n FIG. 1B, and FIG. 11B 15 a
schematic cross-sectional view of the semiconductor device
according to the eighth exemplary embodiment, along a line
XIB-XIB in FIG. 11A. As shown 1 FIGS. 11A and 11B,
according to the semiconductor device of the eighth exem-
plary embodiment, capacitors 4 are disposed with the elec-
trodes of capacitors 4 positioned on both side surfaces. Also,
first bus bars 3a and second bus bars 36 connected to
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respective electrodes of capacitors 4 are separated to respec-
tive sides of cooling member 2. And first bus bars 5a and
second bus bars 5b connect capacitors 4 and semiconductor
modules 1. That 1s, cooling member 2 and semiconductor
modules 1 are disposed between first bus bars 5a and second
bus bars 5b5. Through holes 2a are not provided to cooling
member 2. Other configurations are the same as those 1n the
first exemplary embodiment.

According to the present exemplary embodiment, first bus
bars 5a and second bus bars 56 connected to respective sides
of capacitors 4 are connected to semiconductor modules 1
without passing through between capacitors 4 and cooling
member 2. Accordingly, since lengths of bus bars between
capacitors 4 and semiconductor modules 1 may be reduced,
an increase 1n the inductance due to lengths of conductive
members may be suppressed to the minmimum. Also, since
cooling member 2 1s not disposed outside first bus bars 5a
and second bus bars 55, the semiconductor device may be
miniaturized.

Also, according to the present exemplary embodiment,
first bus bars 5a connected to high-side semiconductor
clements 16a that generate a great amount of heat are
disposed near channel 3 of cooling member 2, on the side of
flow inlet 3a. That 1s, first bus bars 5a whose temperatures
become high are placed near channel 3, on the side of flow
inlet 3a where the temperature of the cooling medium 1s low,
and first bus bars 5a¢ are made to face cooling member 2.
Accordingly, the amount of heat dissipation from the bus
bars may be increased, and an increase in the temperature of
capacitors 4 may be suppressed.

Additionally, 1n the present exemplary embodiment, first
bus bars 5a and second bus bars 56 may include wide parts,
as 1n the first exemplary embodiment, at arbitrary positions
between capacitors 4 and semiconductor modules 1. Alter-
natively, first bus bars 5a and second bus bars 56 may have
a wide width in entire portion between capacitors 4 and
semiconductor modules 1. The amount of heat dissipation
from the bus bars may thereby be increased.

Ninth Exemplary Embodiment

A configuration of a semiconductor device according to a
ninth exemplary embodiment will be described with refer-
ence to FIGS. 12A and 12B. FIG. 12A 1s a schematic
cross-sectional view of the semiconductor device according
to the ninth exemplary embodiment, at a position corre-
sponding to the line IIA-IIA in FIG. 1B, and FIG. 12B 1s a
schematic cross-sectional view of the semiconductor device
according to the nminth exemplary embodiment, along a line
XIIB-XIIB in FIG. 12A. As shown 1n FIGS. 12A and 12B,
according to the semiconductor device of the ninth exem-
plary embodiment, through holes 2a are provided to cooling
member 2, and first bus bars 5a extend through through
holes 2a of cooling member 2. And first bus bars Sa connect
capacitors 4 and semiconductor modules 1. Also, as 1n the
eighth exemplary embodiment, first bus bars Sa are disposed
near channel 3 of cooling member 2, on the side of flow inlet
3a. Other configurations are the same as those 1n the eighth
exemplary embodiment.

According to the present exemplary embodiment, first bus
bars 5a are connected to P terminals 21a from high-side
semiconductor elements 16a whose temperature tends to be
increased. Thus, 1 order to suppress transier of heat from
semiconductor modules 1 to capacitors 4, the amount of heat
dissipation from first bus bars 3a 1s desirably increased. On
the other hand, second bus bars 54 are connected to N
terminals 216 from low-side semiconductor elements 1656
whose temperature tends to be lower than that of high-side
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semiconductor elements 164. Thus, the amount of heat
dissipation from second bus bars 56 should be small.

Accordingly, i the present exemplary embodiment, by
passing first bus bars 5a through through holes 2a of cooling
member 2, the amount of heat dissipation from first bus bars
5a, which 1s connected to P terminals 21a of high-side
semiconductor elements 16a generating a great amount of
heat, may be increased.

Tenth Exemplary Embodiment

A configuration of a semiconductor device according to a
tenth exemplary embodiment will be described with refer-
ence to FIGS. 13A and 13B. FIG. 13A 1s a schematic
cross-sectional view of the semiconductor device according
to the tenth exemplary embodiment, at a position corre-
sponding to the line IIA-IIA in FIG. 1B, and FIG. 13B 1s a
schematic cross-sectional view of the semiconductor device
according to the tenth exemplary embodiment, along a line
XIIIB-XIIIB 1n FIG. 13A. As shown in FIGS. 13A and 13B,
according to the semiconductor device of the tenth exem-
plary embodiment, through holes 2a are provided on both
sides of cooling member 2. And each of first bus bars 5a and
second bus bars 3b extends through through hole 2a of
cooling member 2, and connects capacitors 4 and semicon-
ductor modules 1. As 1n the eighth exemplary embodiment,
first bus bars 5a are disposed near channel 3 of cooling
member 2, on the side of flow inlet 3a. Other configurations
are the same as those 1n the eighth exemplary embodiment.

According to the present exemplary embodiment, each of
first bus bars 5a and second bus bars 55 1s cooled 1n through
hole 2a of cooling member 2, and thus the amount of heat
dissipation from the bus bars may be increased.

Various alterations may be made to the configurations of
the first to the tenth exemplary embodiments described
above. Such variations will be described below.

First Variation

A configuration of a semiconductor device according to a
first variation will be described with reference to FIGS. 14A
and 14B. FIG. 14A 1s a schematic view of a capacitor
according to the first vaniation, and FIG. 14B 1s an explana-
tory structural view of the capacitor according to the first
variation. As described 1n the first exemplary embodiment,
film capacitors are used as capacitors 4 in the exemplary
embodiments described above. Capacitors 4 of the exem-
plary embodiments described above are not provided with a
winding shait at a center, but in the present varnation, a rod
made of a highly thermal conductive material 1s used as core
rod 10, as shown in FIG. 14A, so as to increase heat
dissipation from capacitor 4. As the matenal of core rod 10,
a metal material, such as aluminum, a ceramic material or
the like may be used.

Next, a structure of capacitor 4 (film capacitor) according
to the present variation will be described with reference to
FIG. 14B. As shown in FIG. 14B, capacitor 4 of the present
variation has metal thin film 14 of aluminum or the like
formed on a surface on one side of insulation film 13 of
plastic or the like. Also, to increase heat dissipation, highly
thermal conductive carbon sheet 15 1s disposed on metal thin
film 14. Capacitor 4 shown i FIG. 14A 1s formed by
stacking two laminated bodies, each including insulation
f1lm 13, metal thin film 14, and carbon sheet 15, and winding
the same around core rod 10. Here, the laminated bodies of
insulation film 13, metal thin film 14, and carbon sheet 15
are overlapped while being shifted from each other. And
metal thin films 14 on protruding sides are connected to
anode extraction electrode 11 and cathode extraction elec-
trode 12, respectively. Accordingly, insulation film 13 1s
interposed between metal thin film 14 connected to anode

5

10

15

20

25

30

35

40

45

50

55

60

65

14

extraction electrode 11 and metal thin film 14 connected to
cathode extraction electrode 12 so as to function as a
capacitor.

In the present exemplary embodiment, since core rod 10
and carbon sheet 15 with high thermal conductivity are used,
heat 1s easily transferred from capacitors 4. Thus, an increase
in the temperature of capacitor 4 may be prevented.
Second Variation

A configuration of a semiconductor device according to a
second variation will be described with reference to FIGS.
15A and 15B. FIG. 15A 1s a schematic cross-sectional view
ol the semiconductor device according to the second varia-
tion, at a position corresponding to the line ITA-IIA m FIG.
1B, and FIG. 15B 1s a schematic locally-enlarged view of
semiconductor elements and their surroundings (part A 1n
FIG. 15A). As shown 1n FIG. 15B, according to the semi-
conductor device of the second varnation, semiconductor
module 1 includes semiconductor elements 16a, 165 and
base substrate 17. Semiconductor elements 16a, 165 are
fixed on base substrate 17. Semiconductor elements 164,
165 and base substrate 17 are disposed on cooling member
2, and protrusions and recesses are formed on a surface of
base substrate 17, on the side of cooling member 2. Also,
thermal conductive member 18, such as highly thermal
conductive grease or adhesive or a highly thermal conduc-
tive sheet, 1s inserted between base substrate 17 and cooling
member 2. Other configurations are the same as those in the
first exemplary embodiment.

Heat generated by semiconductor elements 16a, 165 1s
transmitted to cooling member 2 through base substrate 17
and thermal conductive member 18.

In the present exemplary embodiment, thermal conduc-
tive member 18 1s inserted between base substrate 17 and
cooling member 2. Thus, a layer of air generated between
base substrate 17 and cooling member 2 1s reduced, and the
amount ol heat dissipation from base substrate 17 to cooling
member 2 1s increased. Furthermore, since protrusions and
recesses are formed on the surface of base substrate 17, on
the side of cooling member 2, the amount of heat dissipation
to thermal conductive member 18 1s further increased. Thus,
a great amount of heat 1s allowed to flow to cooling member
2.

Eleventh Exemplary Embodiment

A configuration of a semiconductor device according to
an cleventh exemplary embodiment will be described with
reference to FIGS. 16 Ato 19. FIG. 16 A 1s a perspective view
of the semiconductor device according to the eleventh
exemplary embodiment, seen from above, and FIG. 16B 1s
a perspective view of the semiconductor device according to
the eleventh exemplary embodiment, seen from below. FIG.
17 1s a perspective view ol a semiconductor module accord-
ing to the eleventh exemplary embodiment. Also, FIG. 18 1s
a schematic view describing connection between semicon-
ductor modules according to the eleventh exemplary
embodiment, and FIG. 19 1s a diagram showing a circuit of
the semiconductor device according to the eleventh exem-
plary embodiment.

In the present exemplary embodiment, high-side semi-
conductor element 16a and low-side semiconductor element
1656 are formed as separate modules. That 1s, the semicon-
ductor device of the present exemplary embodiment
includes semiconductor module 1 1 which high-side semi-
conductor element 16a 1s incorporated (hereinafter referred
to as “high-side semiconductor module 1a”) and semicon-
ductor module 1 in which low-side semiconductor element
165 1s incorporated (heremnafter referred to as “low-side
semiconductor module 157). Accordingly, the degree of
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freedom regarding arrangement of semiconductor modules 1
inside the semiconductor device and regarding circuit con-
figuration may be increased. Here, high-side semiconductor
clement 16a according to the present exemplary embodi-
ment 1s an example of a “first semiconductor element” of the
present application, and high-side semiconductor module 1a
1s an example of a “first semiconductor element module™ of
the present application. Also, low-side semiconductor ele-
ment 165 according to the present exemplary embodiment 1s
an example ol a “second semiconductor element” of the
present application, and low-side semiconductor module 15
1s an example of a “second semiconductor element module™
of the present application.

As shown 1n FIG. 16 A, high-side semiconductor module
1a and low-side semiconductor module 15 are disposed side
by side (in the X-direction) on a side surface of cooling
member 2. Also, three sets of high-side semiconductor
module 1la and low-side semiconductor module 16 are
disposed alternately with cooling members 2. Also, all of
high-side semiconductor modules 1a are disposed in the
same direction (left direction) with respect to low-side
semiconductor modules 15.

As 1n the case of cooling members 2 described 1n the first
exemplary embodiment and the like, channel 3 (not shown)
for allowing a cooling medium to flow 1s formed inside
cooling member 2 of the present exemplary embodiment. A
cooling medium flows in from flow 1nlet 3a formed on a side
surface of cooling member 2. The cooling medium passes
through channel 3 mside, and flows out from tlow outlet 35
formed on an opposite side surface of cooling member 2.
Flow inlet 3a for a cooling medium 1s formed on a side
surface, o cooling member 2, nearer to high-side semicon-
ductor module 1a. Though, as in the fourth exemplary
embodiment, a shape of channel 3 of cooling member 2
according to the present exemplary embodiment i1s straight,
channel 3 may be shaped to have a curved portion as in the
first exemplary embodiment.

Also, as shown i FIG. 16B, high-side semiconductor
module 1a¢ and low-side semiconductor module 15 are
clectrically connected to each other by P terminal 21a, N
terminal 215 protruding from semiconductor modules 1.

P terminal 21a, N terminal 215 protruding from semicon-
ductor module 1 will be described with reference to FIG. 17.
Here, for the sake of explanation, high-side semiconductor
module 1a will be described as a representative example. As
shown 1in FIG. 17, P terminal 214 and N terminal 215, which
are connected to high-side semiconductor element 16a
inside and each has a metal plate shape, protrude from side
surfaces of high-semiconductor module 1a. Also, signal
terminals 22 for control protrude from a side surface. Among,
P terminal 21a and N terminal 215, P terminal 214, which 1s
connected to a positive electrode side, protrudes 1n a direc-
tion orthogonal to a protruding direction of signal terminals
22, and N terminal 215, which 1s connected to a negative
clectrode side, protrudes 1n a direction opposite the protrud-
ing direction of signal terminals 22. After P terminal 21a
protrudes in the direction orthogonal to the protruding
direction of signal terminals 22, P terminal 21a 1s bent at a
right angle, and extends in a protruding direction of N
terminal 215. On the other hand, after N terminal 215
protrudes 1n the direction opposite the protruding direction
of signal terminals 22, N terminal 215 1s bent at a right angle,
and extends 1n a direction opposite a protruding direction of
P terminal 21a.

With P terminal 21a and N terminal 215 shaped in the
above manner, high-side semiconductor module 1a and
low-s1de semiconductor module 15 may be disposed next to
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cach other, and tip ends of P terminal 214 and N terminal
216 may be made to overlap each other at outside cooling
member 2, as shown i FIG. 16B. Since through holes are
formed to the tip ends of P terminals 21a and N terminals
21b, circuit for driving a motor, as shown 1n FIG. 19, may
be formed by electrical connection by a metal rod or the like
passing through the through holes. Also, since the terminals
may be directly connected to each other in the above
manner, an increase in the inductance caused by wiring
connecting semiconductor modules 1 may be suppressed.

Here, P terminal 21a according to the present exemplary
embodiment 1s an example of a “first power terminal” and a
“third power terminal” of the present application, and N
terminal 215 1s an example of a “second power terminal”
and a “fourth power terminal” of the present application.

Connection between high-side semiconductor module 1a
and low-side semiconductor module 15 will be described 1n
detail with reference to FIG. 18. As described above, high-
side semiconductor module 1a and low-side semiconductor
module 15 are disposed side by side (1n the X-direction) on
side surfaces of cooling members 2. Here, high-side semi-
conductor module 1a and low-side semiconductor module
15 are disposed with large surfaces (upper and lower sur-
faces) 1n contact with cooling members 2. Accordingly, the
amount of heat dissipation from semiconductor module 1 to
cooling members 2 may be increased, and an increase in the
temperature of semiconductor module 1 may be suppressed.

N terminal 215 of high-side semiconductor module 1a 1s
bent toward low-side semiconductor module 15. On the
other hand, P terminal 21a of low-side semiconductor mod-
ule 15 protrudes toward high-side semiconductor module
1a, and 1s bent downward (in a direction opposite an arrow
in the Z-direction). Accordingly, the tip end of N terminal
21b of high-side semiconductor module 1a and the tip end
of P terminal 21a of low-side semiconductor module 15 may
be disposed overlapping each other.

Here, P terminal 21a protrudes from semiconductor mod-
ule 1, i parallel to a direction 1n which semiconductor
modules 1 are disposed next to each other (X-direction).
That 1s, P terminal 21a protrudes at a position facing the side
surfaces of cooling members 2. Accordingly, the amount of
heat dissipation from a protruding portion of P terminal 21a
to cooling members 2 1s increased, and an increase 1n the
temperature of semiconductor module 1 may be suppressed.

As described above, according to the semiconductor
device of the present exemplary embodiment, a plurality of
semiconductor modules 1 are disposed on cooling members
2, and the power terminals (P terminal 21a, N terminal 215)
ol semiconductor modules 1 are directly connected so as to
suppress an increase in the inductance due to wiring and to
suppress an increase in the temperature of semiconductor
modules 1.

Twelith Exemplary Embodiment

A configuration of a semiconductor device according to a
twellth exemplary embodiment will be described with ref-
erence to FIG. 20. FIG. 20 1s a schematic view describing
connection between semiconductor modules according to
the twellth exemplary embodiment. As shown in FIG. 20,
the shape of N terminal 216 of semiconductor module 1
according to the twelfth exemplary embodiment 1s different
from that of semiconductor module 1 according to the
cleventh exemplary embodiment. N terminal 215 of semi-
conductor module 1 according to the present exemplary
embodiment protrudes in a direction orthogonal to the
protruding direction (Z-direction) of signal terminals 22 and
in a direction (X-direction) opposite the protruding direction
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of P terminal 21a. Other configurations are the same as those
in the eleventh exemplary embodiment.

According to such a configuration, by disposing high-side
semiconductor module 1a and low-side semiconductor mod-
ule 15 at predetermined positions, a bent portion of P
terminal 21a and the tip end of N terminal 215 may be made
to overlap each other. Accordingly, connection may be easily
achieved by electrically connecting the overlapped portions
of P terminal 21a and N terminal 215.

Also, compared to semiconductor module 1 according to
the eleventh exemplary embodiment, the wiring for con-
necting semiconductor modules 1 may be reduced. An
increase 1n the inductance due to wiring may thereby be
turther suppressed.

Furthermore, N terminal 215 protrudes from semiconduc-
tor module 1, 1n parallel to the direction 1n which semicon-
ductor modules 1 are disposed next to each other. Accord-
ingly, a protruding portion of N terminal 215 1s disposed
facing the side surfaces of cooling members 2. The amount
of heat dissipation from the protruding portion of N terminal
216 to cooling members 2 may thereby be increased.

Additionally, high-side semiconductor modules 1a may
be electrically connected by connecting the tip ends of P
terminals 21a outside cooling members 2, as 1n the eleventh
exemplary embodiment.

Thirteenth Exemplary Embodiment

A configuration of a semiconductor device according to a
thirteenth exemplary embodiment will be described with
reference to FIGS. 21A and 21B. FIG. 21A 1s a schematic
side view of the semiconductor device according to the
thirteenth exemplary embodiment, and FIG. 21B 1s a sche-
matic bottom view of the semiconductor device according to
the thirteenth exemplary embodiment. As shown 1 FIGS.
21A and 21B, according to the semiconductor device of the
thirteenth exemplary embodiment, high-side semiconductor
module 1a¢ and low-side semiconductor module 15 are
disposed facing each other across cooling member 2. That 1s,
high-side semiconductor module 1a 1s disposed on one side
surface of cooling member 2, and low-side semiconductor
module 15 1s disposed on the other surface (on the opposite
side from the one side surface) of cooling member 2.

Moreover, high-side semiconductor module 1a and low-
side semiconductor module 15 are disposed 1n such a way
that protruding directions of P terminals 21a are opposite
cach other. That 1s, P terminal 21a of high-side semicon-
ductor module 1a protrudes to the left side 1n the drawing,
and P terminal 21a of low-side semiconductor module 156
protrudes to the right side 1n the drawing. Accordingly, as
shown 1n FIG. 21B, N terminal 215 of high-side semicon-
ductor module 1a and P terminal 21a of low-side semicon-
ductor module 15 may be electrically connected by conduc-
tive terminal connection rod 23.

Furthermore, as shown in FIG. 21B, channel 3 curved
inside cooling member 2 1s formed 1nside cooling member
2. Channel 3 includes tflow 1nlet 3a on a side surface where
high-side semiconductor module 1a 1s disposed and flow
outlet 36 on a side surface where low-side semiconductor
module 15 1s disposed. Accordingly, since a low-tempera-
ture cooling medium entering from flow nlet 3a 1s allowed
to flow through channel 3 near high-side semiconductor
module 1a, which generates a great amount of heat, the
amount of heat dissipation from high-side semiconductor
module 1a may be increased.

As described above, according to the semiconductor
device of the present exemplary embodiment, a set of
high-side semiconductor module 1a and low-side semicon-
ductor module 15 are compactly integrated with cooling
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member 2, and by combining such sets, an inverter circuit
for driving a motor may be configured, for example.
Fourteenth Exemplary Embodiment

A configuration of a semiconductor device according to a
fourteenth exemplary embodiment will be described with

reterence to FIGS. 22A and 22B. FIG. 22A 1s a schematic

side view of the semiconductor device according to the
fourteenth exemplary embodiment, and FIG. 22B is a sche-
matic bottom view of the semiconductor device according to
the fourteenth exemplary embodiment. As shown 1n FIG.
228, according to the semiconductor device of the four-
teenth exemplary embodiment, two channels 3 having
straight shapes formed to cooling member 2. Each of chan-
nels 3 does not include a curved portion. A cooling medium
flows straight, 1n one direction, from one side surface to the
other side surface of cooling member 2. Other configura-
tions are the same as those in the thirteenth exemplary
embodiment.

Moreover, the direction of flow of a cooling medium 1s
different between one channel 3 near the side surface where
high-side semiconductor module 1a 1s disposed and the
other channel 3 near the side surface where low-side semi-
conductor module 15 1s disposed.

In the present exemplary embodiment, since a plurality of
channels 3 are formed to cooling member 2, the cooling
capacity 1s high. Thus, the amount of heat dissipation from
semiconductor module 1 may be increased. A downstream
side, of one channel, where the temperature of a cooling
medium 1s high 1s an upstream side of the other channel, and
thus high cooling capacity may be achieved on both the
upstream sides and the downstream sides of channels 3 of
cooling member 2.

Fifteenth Exemplary Embodiment

A configuration of a semiconductor device according to a
fifteenth exemplary embodiment will be described with
reference to FIG. 23. FIG. 23 1s a schematic side view of the
semiconductor device according to the fifteenth exemplary
embodiment. As shown 1 FIG. 23, according to the semi-
conductor device of the fifteenth exemplary embodiment,
three sets of high-side semiconductor module 1a and low-
side semiconductor module 15 (not shown) of the thirteenth
exemplary embodiment are arranged side by side (in the
X-direction) for common cooling member 2.

In the present exemplary embodiment, compared to a case
where three semiconductor devices of the thirteenth exem-
plary embodiment are coupled, semiconductor modules 1
may be cooled by one cooling member 2. Thus, the structure
1s simplified, and also electrical connection between semi-
conductor modules 1 1s facilitated.

Additionally, additional cooling members 2 may be dis-
posed on outside of high-side semiconductor module 1a and
outside of low-side semiconductor module 15, as in the
thirteenth exemplary embodiment. The amount of heat dis-
sipation from semiconductor modules 1 may thereby be
further increased, and an increase in the temperature of
semiconductor modules 1 may be suppressed.

The semiconductor device according to the present dis-
closure has been described based on exemplary embodi-
ments, but the present disclosure 1s not limited to the
above-described exemplary embodiments. The technology
of the present disclosure may be applied to other exemplary
embodiments realized by combining constitutional elements
of each of the exemplary embodiments, to variations
obtained by making, to each exemplary embodiment, vari-
ous alterations conceived by a person skilled in the art
without departing from the spirit of the present disclosure,
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and to various appliances and systems 1n which the semi-
conductor devices of the present disclosure are incorporated.

For example, 1n the thirteenth to the fifteenth exemplary
embodiments, two channels 3 may be vertically formed 1n
cooling member 2, as in the eleventh exemplary embodi-
ment.

The semiconductor device according to the present dis-
closure 1s useful mainly as a high-power semiconductor
device for driving an electric motor of an electric car or a
hybrid car, for example.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment,

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member,

the cooling member includes a through hole, and

at least one of the first conductive member and the second
conductive member extends through the through hole
of the cooling member.

2. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment,

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member,

the cooling member 1includes a cut-out portion, and

at least one of the first conductive member and the second
conductive member extends through the cut-out portion
of the cooling member.

3. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment,

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member,

the cooling member 1s configured from a first cooling
member and a second cooling member, and

at least one of the first conductive member and the second
conductive member 1s disposed between the first cool-
ing member and the second cooling member.

4. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment;

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and
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a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member, and

the first conductive member at least includes a part with
a first width and a part with a second width greater than
the first width, the part with the second width being

disposed between the cooling member and the passive
clement.

5. A semiconductor device comprising;

a semiconductor module including a semiconductor ele-
ment;

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member,

the cooling member includes a channel for allowing a
cooling medium to flow,

the channel includes a curved portion, and

a tlow 1nlet of the channel and a flow outlet of the channel
are disposed on one side surface of the cooling member.

6. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment,

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

two or more aspects of at least one of the first conductive
member and the second conductive member face the
cooling member,

the cooling member includes a channel for allowing a
cooling medium to flow,

a flow 1let of the channel 1s disposed on one side surface
of the cooling member, and

a tlow outlet of the channel 1s disposed on the other side
surface that 1s opposite the one side surface of the
cooling member.

7. The semiconductor device according to claim 1,

50 wherein:
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the passive element 1s a film capacitor, and

the film capacitor includes a core rod made of a highly
thermal conductive matenal.

8. The semiconductor device according to claim 1,

wherein:

the passive element 1s a film capacitor, and
the film capacitor includes a carbon sheet.
9. The semiconductor device according to claim 1,

wherein:

the semiconductor element 1s disposed on a base sub-
strate, and

the base substrate 1s disposed on the cooling member
across a thermal conductive member.

10. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment;

a passive element;
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a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element,

wherein the first conductive member at least includes a
part with a first width and a part with a second width
greater than the first width, the part with the second

width being disposed between the cooling member and
the passive element.

11. A semiconductor device comprising;

a semiconductor module including a semiconductor ele-
ment,

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

the cooling member and the semiconductor module are
disposed between the first conductive member and the
second conductive member,
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the cooling member includes a through hole, and

at least one of the first conductive member and the second
conductive member extends through the through hole
of the cooling member.

12. A semiconductor device comprising:

a semiconductor module including a semiconductor ele-
ment;

a passive element;

a cooling member disposed between the semiconductor
module and the passive element; and

a first conductive member and a second conductive mem-
ber for electrically connecting the semiconductor mod-
ule and the passive element, wherein:

the cooling member and the semiconductor module are
disposed between the first conductive member and the
second conductive membetr,

the cooling member 1includes two or more through holes,
and

the first conductive member and the second conductive
member respectively extend through the through holes
different from one another.
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